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NATIONAL ADVISORY -GOMMITTEE FOR_AERONAUTICS
TECENICAL NOTE NO. 910

SOME INVESTIGATIONS OF THE GENERAL INSTABILITY
. OF STIFFENED METAL CYLINDERS
VI - STIFFENED METAL CYLIKDERS SUBJECTED TO
COMBINED BENDING AND TRANSVERSE SEEAR

Guggenheim Aeronautical Laboratory
Oalifornia Institute of Technology

Thig is the sixth of a series of reports
covering an investlgatlon of the general
ingtability problem by the California
Institute of Tecunology. The first five
reports of thls series cover investiga-
tions of the general instability problem
under the loading conditlons of pure bend-
ing and were prepared under the sponsor-
ship of the Civil Aeronautics Administra-
tion. This report and the succeeding re-
rorts of this series cover the work done
on other loading conditions under the
sponsorship of the National Advisory Com-
mittee for Aeronautics.,

SUMMARY

This report summarizes the work that has been
carried on in the experimental investigation of the
problem of general instability of stiffened metal cyl-
inders subjected to combined bendlng and transverse
shear at the C.I.T. This part of the investigation in-
cludes tests on 85 gsheet-covered specimens.' Under a
loading of combined bending and transverse shear, the
failure of the specimens is characterlzed by two dls-—
tinct types of fallure, namely, =z bending or a shsar
failure. It has alsc been determined that the fall-
ing loads of the specimens have not been influenced
by the length of the speclimens.
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INTRODUCT ION

-It is intended to give, in this report, a summary
of the experimental investigation of the. general insta-
bility of stiffened metal cylinders subJected to com~
bined. bending and transverse shear. _The esarlisr work

t C..T.,on tha problem of general instability of stiff-
:1ad metal cylinders has been reported in refarences
hy 2, 3,74, and 5., A total of 55 sheet—~covered speci-

mens has been tested to determine the effects of the
combined loading of bending plus transverse shear and
to determlne the influence of 1ength cn the failing
load.

INVESTIGATION OF LENGTH EFFECT

~ Inasmuch as all the pure bending specimens had a
length to diameter ratio of 2.0, it was necessary to
determine whether the falling 1oads of these specimens
wore influenced by the .length. ' The purpose of this
investigation was, therafore, to determine the.length
to diameter ratio "L/D at which the failing load be-
comes independent of length,

Eight specimens having L/D xotios of 1.2, 1.6, 2.0,
and 2.6 were tested, four 'in which the frame spacing was
2.0 inches and four in which the spacing was 4.0 inches.
The spacing of the longitudinal and dlameters was tThe same
for all specimens. 2.62 and 20 1nchas, respectively.

The curves of unit strain as a function of the applied
bending moment. are shown in fizures 7 to 1l. The test pro-
cedure and method of .strain msasurements have been described
i1 dgtail in references 2 and 4.

The failing strain as a function of the L/D ratio is
shown in figure 2. It is seen that the specimens having an
L/D ratio of 2 and 2.5 failéd at approximately the same
strein, As the L/D ratio decreases the failing strain
increases somewhat and at an L/D ratio of 1.2 the increase
is 12 and 23 percent for the 4~ and 2-inch framé spaclngs,
respectively. ' From these test resilts it can be concluded
that the failing loads of ‘the pure . bending specimens used
in the previous experlments ware not influanced by the
lengthe

R
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INVESTIGATICON OF COMBINED BENDING ARD SHEAR

Descriptior of Teséing Apparatus

The testing mechine, as shown in figure 71, consists
essentlially of four separate elements ~ the bed, the fixed
end plate, the movable carriage, and the loading beam. The
bed is 12% feet long, 3% feet wide, and 1s constructed of
heavy I~beams, To one end is rigidly bolted the fixed end
plate. The loadlng beam is a built-up box section 6 feet
long - although this can be extended by splicing on addi-
tional lengths. Bolted to one end is an end plate similar
to the flixed end plate. The loading beam is freely sus-—
prended in a cage or carriage which itself is free to move
along the bed, The beam is sugspended fram two knife edges
at the top of the carriaege and is balanced by counterweights.
With this arrangement the weight of the loading beam and
end plate will not be carried by the specimen, but will al-
ways be Just balanced by the counterweights.

One end of the specimen is bolted %o the Ffixed end
rlate -~ the other to. the end plate on the loading beam.
A vertical upload is then applied at any desired point
on the loading beam by means of a screw Jjack, The load
is indicated by a dial gage mounted on a dynamometer
which was previously calibrated in a 150,000-pound Tinius
Olsen testing machine.

Method of Strain Measurement

Resistance strain gages were used o measure the strain
at desired points. Fssentially, this method measures the
change in resistance of a wire selement cemented to the speci-
men, The gages were calibrated by cementing a wire element
of known length . to a test bar and measuring the change in
registance for a known unit strain.

The gages were mounted on thg neutral axis of the
stiffeners and were also mounted in pairs - one on each
glde of the stiffener ~ so. that the mean reading would be
uwnaffected by bending. The resistances were measured with
a Wheatstone bridge, the voltage being supplied by two dry
cells, The gages were cut in and out of the bridge cirocuit
through a.mercury switch arrangement, thus avoiding large
contact resistances. )
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During the. early ‘part of the 1nvestigation, a 3-—
inch~gage length wasg used,. Hquver, 1t 'was found that—
this emall gage length was apparently quite sensitive
to small local deformations. Also it seemed probable
that the behavior of the gage was unduly influenced by
the conditions. at the juncture points where thes lesads
werc 8oldered. It was thereforé decided to adopt = 16—
ingh-gage length. Although this gage d4id not permit
measuring the strain at as many different points: as the
S-inch gage, it -ylelded more conslstent Tesults.

~ Test Prodedure

.

The specimen was mounted. in the testing machine and
the loading jack placed at the proper position to give

the desired moment arm. The load was then applied in
increments, the jack-dial reading and the strain-gage
resistances being recorded for each increment, Also,
over—all strain measurements were made at the top, boittom,
and sides by means of dlal gages. The .over—all measure-
ments onm the sides were useful in detecting loading eccen-—
tricities. The behavior of the specimen was carefully
noted as -the test progressed; initial and subseguent buck-
les were observed and their positions, extent, and corre-~
sponding loads recorded

Combined Loadings

In the pure bending testr, the problem of determining
the maximum strain associated with the failing load was
relatively slmple because of the uniform loading over the
length of the sypecimen. However, whnen the test specimen
is aubJected to combined bending &and transverse shear ‘the
bending moment and the correspondiny streins vary over the
length of the specimen. Henca, the method of measuring,
over the specimen length, & maximum mean strain at fallure
and assigning this measured strain to tha failing load can
no longer be applied. The varlation of strain and the end
conditions of the specimen make it particularly difficult
to associate B particular strain with the feiling load.
The mazximum moment occurs at the fixed end; however, this
maximum moment and the corresponding strain cannot—be con-
-sldered as .being a measure of the ultimate strength of the
"eylinder because of tho fixed-end conditione.

. .. There arc two possible methods of presenting the test
data. One method would be to measure the strain at a number
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of points along the length of the specimen, which could
then be presented as the existing strain condition along
the length of the specimen when failure occurred. Another
method would be t0 measurs the failing strain at the point
at which the first buckle appears during the loading process
-and to comrsider this to be indicative of the maximum strain
to which the specimen can be subjected before failure occurs,
Both methods have certain disadvantages. The first doss
not lend itself readilly to application-in practical design.
It is customary, for maximum -structural efficisency, to de-
sign a reinforced cylindrical structure. in -such a manner
as to keep the stress nearly constant even though the bend-
ing moment is variable, This is usually accomplished through
the geometrical taper of the section and also by tapering
the effective bending material. For this reason, the de-
signer is mostly interested in a single value of the allow-
able stress or strain for calculating -hris margins of safety.
From this point of view the second method is preferable.
However, the main objectlon here is %hat the validility of
asgocliating the strain condition at a’ point with the fail-~
ure of the cylinder may be questionadbley

Thisg latter method has also -one other advantage; namely,
for the pure bending failure- & parameter has been derlived
whicH appears.-to be satisfactory. In determining the ih-—

- fldence o% ‘the transverse shear on the meximum €trein at
failure, it is convenient to have a single value o6f the
strain for combined beanding and shear to compare with the
strain valus for pure bending. : o

In view of the above, the following method of presenta-
tion was gdopted. It was found that the initisl dbuckle or
buckles appeared 6¥er =z relatively short range, being on the
average about 14 inches from the fixed end for the 32~inche~
dlgmeter cylinders and 10 incheg for the 20-inch-diametsr
cylinders. DTFor this reason the strain at failure was con-
sidered to be the average of the strain measurements ob-
tained wlth the 3-inch-wire gage over a distance extending
from about 4 to 24 inches from the fixed end, or the strain
measurements of the l6~inch-wiire gage which extended from 6
to 22 inches from the fixed end.

The type of faillure 1n combined bending and shear differs
particularly in one respect from that of the pure bending
failure. For the combined loading the failure is, in many
cases, gradual - that is, the buckles, although extending
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over several frames and longitudinals, slowly increase in
depth and size with increasing load until a sudden collapse
occurs with a marked increase in depth and wslze of the.
buckle or buckles. In the case--of the pure bending speci-~
mnens, the original cross—gectional shape-ls closely main-
tained until failure occurs - the failure being particularly
violent -and accompanied by large and deep buckles with as
much as & two-thirds drop in the applied load.

From a visual observation of Lhe failure, 1t appeared,
during the early part of the 1lnvestigation, that failure
of a specimen was either of the bending or the shear types
that is, the beginning of a failure was confined to either
a region-of maximum compression or a region of maximum )
shear. The. rather defimite separatlon of the regions of
failure would indlcate thal when a failure occurred 1in
the compression region the failure -would be nearly Ilnde-
pandent of the applied shear and would depend primarily
on the state of compression gtrain; whereas, when failure
eccurred in the region ' of maximum shear the failure would
. be independent of the state 02 compression strain and
only depend on the .applled shear.

The above vbservations -were borne out by the experi-
mental results. In figure 3 are plottéd the ratios of °
the compressive gtrain € € as a function.of VR/M for
a number of specimens of bo%h l16—-inch and 10~1nch radiuse.
In these -expressions, - .

€ maximum co_pressive strain value (at the position
previously describe&j for the c0mbined 1oad1ng
cordition-:_ = . L

€o gale straln value for pu:e hending -

v 'applie& shear .

) radius of the specimen

M bending moment

Since M = VL, where I |is the distance from the applied
shear load. to the poin% where the strain 1s measured, it
is seen that the ratio VR/M 1is eguivalent to R/L. This
presentation ig merely; to indicate that when the failure
cccurs inm the compression region the maximum ‘compressive.
strain is independent of—the applied shear. - For these
gpecimens, the applied shear load varied from 503 to 1450
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pounds for the l6-inch~radius specimens and from 710 to
2310 pounds for the 1lC-inch specimens. The minimum moment
arm L was limited By the length of the specimen.

In figure 4 are plotted ratios of €€, as a function
of V/V, for one seriss of tests, where ¥V, is the shear
load which causes a pure shear failure and ¥V is the shear
load corresponding to € It is seen from this figure that
gspecimens 118 and 117 failed at the same shear load dut
widely different valwes of e(i. e., bending moment ). The
photographs (figs. 75 and 78) indicate that specimen 116
failed similtaneously by combined bending and shear, whera-
as specimen 117 failed in shear. It appears from these re—
sults that the interaction curve for this type of loading
consisted essentlally of two perpendicular straight lines.
The photographs (figs. 72 to 74) also show types of failure.

Ths strains at failure, for the specimens which failed
by bending, have been compared with the parameter obtained
for the pure bending fallures .and dars shown in figure 5.
The test values follow the same trend as the curve for the
pure bending feilures; however, the experimental scatter
is somewhat greater than for the pure bending specimens.

It is felt that this scatter is primarily due to the follow-
g .

(a) The accuracy of the straln measurements depends
on the reliabillity of the electric strain gages and an
accuracy greater than 5.0 percent is not to be expected.

(b) Adopting a strain value at a constant distance
from the fixed end as being indicative of strain at failure
also leaeds to some inaccuraciles.

A number of curves showing the variation of strsin in
the longitudinal direction are shown in figures 67 to 69.
The distribution of normal stresses 1is shown for a number
of specimeneg in figzures 64 %to 56, In table I the experi-
mental and computed data are given for each specimen, The
curves of straln against applied gshear are shown in filgures
12 to 63. The strain-gage position and the stringer number
is indicated in tabular form for each sei of curves. The
metaod of numbering the stringers is indicated in figurs 8.

In all specimens the longitudinal stringers were S
-.nd the frames Fs with the exception of specimens 126
and 127 in which the longitudinals were Sz and the frames
Fs. The cross—sectional dimensions of the longitudinals
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and frames aroc shown lm figure 1, ' The varitations of the
‘sectional parameters, p and I, for the longltudinal 8p
with a wvarlation in effective width areo shown in filgure
70, '

CONGULUSIONS

The experimental results indicate that for combined
bending and transverse shear, the failure -is. charactor-
ized by two distinct types of faillure, namely, a bending
or & shear failure. If the fallure is bending, the fall=-
ing etrain can be predicted with sufficient accuracy by
means of the pure bonding parameter. However, it is st1ll
necessary to determine a shear failure paramebter in ordor
to ascertain when a bending or a shear failure will occur,.
Because of the limitation imposed by the specimen length
on the maximum shear whichk sould be applied, it was qulte
difficult to obtain shsar fallures. .In the comblned bernd-
ing and torsion .experiments additlonal data on shear fail-
ures will be obtained which may be -sufficlent to lead to
2 sultable shear parameter.

Guggenhsim Aeronautical Labvoratory,
Qalifornia Institute of. Technology,
Pasadena, Calif., Juhe 10, 1942
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Testing spparatus,
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Pig. 72 (Specimen neo. 107)
Top view of specimen which failed in compression. All specimens

wore loaded 30 thet compression side was on toyp.

Fig. 73 (Specimen mo. 107)

Side view of compression fallure. Small buckles at sides appeared

at failure,
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! Fig. 74 (Specimem no. 108)
Top view showing compression feilure. At failure, buckles
.extaended slightly over the sides.

Fig. 75 (Specimen no. 116)

Failure Osourred by simltaneous bending and shear, Note shear

buckles on side and compressicm buckle on top.
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Fig, 76 (Specimen no. 117)
Top view of specimen which failed in ghemsr, Note absence of

compression buckles on tope.
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£

Fig. 77 (Spectmen no. 117}

Side view of shear failure, Note that the shear buckles extend

into the tension zone,
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Fig. 78 (Specimen no. 119)

Compression failure, Note failure occurred over relatively

smll region nesr fixed end,

Fig, 79 (Specimsn ne, 221)

Canmpression failure,



